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Abstract: Soft Film Nanoimprint Lithography (SMNIL) is an emerging nanomanufacturing technology that excels in 

achieving precise transfer of nanoscale patterns to substrate materials using flexible films as molds. This versatile 

technology exhibits promising applications in semiconductors, biopharmaceuticals, and optoelectronics owing to its 

cost-effectiveness, high resolution, and scalability. In semiconductor manufacturing, SMNIL has notably enhanced chip 

integration and performance. In biomedicine, it is utilized for fabricating micro- and nanoscale biochips, aiding in 

disease diagnosis and drug screening. In optoelectronics, SMNIL contributes to the production of optical waveguides, 

micro/nano gratings, and organic light-emitting diodes (OLEDs), enhancing equipment performance and reducing costs. 

Despite its advantages, challenges persist in template durability, processing accuracy, and large-scale production for 

SMNIL. Future developments should focus on enhancing the performance of soft film materials, developing more 

efficient embossing equipment, and expanding application scopes. SMNIL holds immense potential in the field of 

nanomanufacturing, and addressing these challenges will further propel its widespread adoption. 
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1 Introduction 

Soft film nanoimprint lithography (SMNIL), as a high-

ly anticipated nanoscale pattern transfer technology [1-3], 

has attracted widespread interest and attention in both 

scientific research and industrial applications in recent 

years. Compared with traditional lithography techniques, 

SMNIL exhibits unique advantages, including but not 

limited to low cost, high adaptability, and compatibility 

with multiple materials [4], which makes it an important 

position and broad application prospect in the field of 

nanomanufacturing. 

With the continuous development of technology, the 

demand for small size and high precision has gradually 

become a common concern in various industries. Tradi-

tional lithography techniques have begun to show some 

limitations in meeting this demand, such as expensive 

equipment costs and dependence on specific materials [5]. 

The rise of SMNIL technology has emerged precisely to 

address these challenges. The reason why SMNIL tech-

nology has attracted much attention is due to its relatively 

low cost. Traditional lithography techniques typically 

require expensive equipment and complex processes, 

while SMNIL exhibits cost-effective characteristics in this 

aspect [6]. This makes nanoscale pattern transfer tech-

nology more accessible, providing opportunities for more 

research institutions and enterprises to participate in the 

field of nanomanufacturing [7]. SMNIL technology has 

excellent adaptability, demonstrating remarkable flexibil-

ity in various surface forms and material treatments. This 
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high adaptability enables SMNIL technology to better 

meet the needs of different industries, thereby promoting 

the widespread development of nanomanufacturing. One 

of the most notable features is SMNIL technology's com-

patibility with multiple materials. In scientific research 

and industrial manufacturing, the selection of materials 

usually depends on specific application requirements. The 

superiority of SMNIL technology in this regard makes it 

an ideal tool for processing different types of materials, 

including but not limited to semiconductors, polymers, 

and metals [8]. 

These characteristics make SMNIL particularly im-

portant in the field of nanomanufacturing [9]. In today's 

technology driven era, the application of nanotechnology 

has penetrated into various fields, from electronic devices 

to medical devices, and then to the development of new 

materials. The emergence of SMNIL technology provides 

an efficient, flexible, and economically feasible nanoscale 

pattern transfer solution for these fields [10-13]. 

This article will delve into SMNIL technology and ex-

plore its widespread application in the field of nanomanu-

facturing. By summarizing its principles, application 

fields, existing research results, and discussing possible 

improvement directions in the future, we aim to promote 

its wider research and application. The development of 

SMNIL technology will not only drive innovation in the 

field of nanomanufacturing, but also open up new possi-

bilities for technological progress. 

2 SMNIL Technology Principles 

The principle of SMNIL technology mainly involves 

using flexible soft films as imprinting templates to trans-

fer nanoscale patterns onto the substrate material through 

physical contact. This technology typically involves sev-

eral key steps during implementation, including prepro-

cessing, embossing, demolding, and post-processing, each 

of which has a significant impact on the final pattern 

quality [14, 15]. 

2.1 Soft Film as an Embossing Template 

2.1.1 Flexibility Characteristics 

The flexibility of the soft film is one of the key features 

of SMNIL technology. Compared to traditional rigid tem-

plates, flexible soft films can better adapt to the surface 

morphology of the substrate material, thereby achieving 

higher precision pattern transfer. 

2.1.2 Material Selection 

The material selection of the soft film is crucial, usually 

selecting materials with high elasticity and wear re-

sistance to ensure that the template can maintain stable 

performance in multiple uses. 

2.2 Imprinting Process 

2.2.1 Physical Contact 

The embossing process transfers patterns from the soft 

film to the substrate material through physical contact. 

During this process, the force and pressure distribution on 

the soft film is crucial for the transmission of the pattern. 

2.2.2 Control of Imprinting Force 

Ensuring appropriate imprinting force is an important 

factor in ensuring the quality of pattern transfer and re-

quires careful control to avoid damaging the soft film or 

substrate material. 

2.3 Demolding Steps 

2.3.1 Separation Process 

After the embossing is completed, the soft film needs to 

be separated from the substrate material. The design of 

this step affects the clarity and integrity of the pattern. 

2.3.2 Control of Separation Force 

Ensuring moderate separation force is key to preventing 

damage to the pattern and substrate material, and it is 

necessary to balance the separation force and the adhesion 

of the pattern. 

2.4 Post Processing 

2.4.1 Stability of Patterns 

After completing the embossing and demolding, 

post-processing may be necessary to improve the stability 

and durability of the pattern. 

2.4.2 Post-processing Methods 

Including heat treatment, chemical treatment, etc., to 

ensure that the pattern can maintain its characteristics 

during use. 

The preparation of soft films and the transfer of pat-
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terns are crucial steps in the application of SMNIL tech-

nology. The preparation of soft films requires considera-

tion of their flexibility, elasticity, and interaction with the 

substrate material, while the transfer of patterns requires 

precise control of various parameters during the emboss-

ing process. The uniqueness of this technology lies in its 

simplification of traditional nanomanufacturing processes, 

reduction of costs, and improvement of applicability, 

providing an efficient solution for nanoscale pattern 

transfer. 

3 Technological Development  

History 

Since the early 1990s, nanoimprinting lithography 

technology has emerged as an emerging technology, un-

dergoing an evolution from laboratory research to indus-

trial production [16]. In the initial stage, this technology 

mainly focused on exploring the basic principles and pro-

cesses, emphasizing the use of flexible soft films as im-

printing templates, and striving to solve problems such as 

interaction with soft films and imprinting force control. 

With the passage of time, the development of technology 

has entered a deeper stage. In the late 1990s to early 

2000s, researchers delved into the principles of SMNIL 

technology and began optimizing corresponding processes. 

During this period, efforts were directed towards improv-

ing embossing speed and template preparation technology, 

gradually advancing the technology towards laborato-

ry-scale production. In the mid-2000s to early 2010s, 

SMNIL technology gradually moved from laboratory to 

industrial applications, and began to enter small-scale 

nanomanufacturing experiments, laying the groundwork 

for the industrial application of the technology [17]. 

In recent years, SMNIL technology has made signifi-

cant progress. In terms of achieving higher precision pat-

tern transfer, the accuracy of the technology has been 

significantly improved through more detailed control 

parameters and improved soft film design. In order to 

meet the needs of industrial production, researchers are 

working hard to improve the embossing speed of SMNIL 

and exploring how to achieve large-area pattern transfer in 

large-scale manufacturing, expanding the application 

fields of technology. 

Overall, SMNIL technology has gone through a devel-

opment process from laboratory research to industrial 

production. From the initial exploration of basic princi-

ples, to process optimization and technological transfor-

mation, and then to the improvement of precision, speed, 

and large-scale manufacturing in recent years, this process 

not only promotes the progress of technology itself, but 

also brings new possibilities and opportunities to the field 

of nanomanufacturing. 

4 Application Progress 

4.1 Semiconductor Manufacturing 

Semiconductor manufacturing is one of the important 

application areas of SMNIL technology in the industrial 

field, mainly focused on micro and nano processing in 

chip manufacturing. SMNIL technology is widely used to 

manufacture miniaturized transistors, memory compo-

nents, etc., playing a crucial role in improving chip inte-

gration and performance [18-20]. 

4.1.1 Microtransistor Manufacturing 

In the semiconductor industry, chip manufacturing re-

quires precise placement of tiny electronic components on 

a silicon substrate. SMNIL technology can achieve the 

manufacturing of miniature transistors through 

high-precision pattern transfer, ensuring that the position 

and size of components meet design requirements. The 

high adaptability of SMNIL technology enables it to han-

dle different types of materials, including silicon com-

monly used in the semiconductor industry. 

4.1.2 Memory Component Manufacturing 

The application of SMNIL technology in memory 

manufacturing helps to improve storage density. Through 

the transfer of nanoscale patterns onto the memory surface, 

SMNIL technology facilitates higher information storage 

density, thereby enhancing memory performance. SMNIL 

technology can also be used to manufacture Non Volatile 

Memory (NVM), such as flash memory, to provide faster 

and more reliable storage solutions for digital devices. 

4.1.3 Improve Integration and Performance 

SMNIL technology, as a micro/nano processing tech-

nology, can achieve smaller structures in semiconductor 

manufacturing processes, thereby improving chip integra-

tion. This is crucial for improving chip performance and 

reducing chip volume. Compared to traditional lithogra-

phy techniques, the low cost and high adaptability of 
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SMNIL technology also enable semiconductor manufac-

turing to achieve micro/nano processing more economi-

cally and efficiently. 

4.1.4 Addressing the Design Needs of New 

Chips 

The flexibility of SMNIL technology enables it to adapt 

to different chip design requirements, including advanced 

process technology and new chip architectures. The sem-

iconductor industry often involves the use of multiple 

materials, and the multi material compatibility of SMNIL 

technology enables it to handle different types of materi-

als and meet diverse manufacturing needs. 

In summary, the application of SMNIL technology in 

semiconductor manufacturing has brought new possibili-

ties for chip design and production. By improving the 

manufacturing accuracy of micro transistors and memory 

components, increasing integration, and reducing manu-

facturing costs, it plays a crucial role in promoting tech-

nological innovation and industrial development in the 

semiconductor industry. 

4.2 Biomedical Field 

In the field of biomedicine, SMNIL technology is 

widely used to construct micro and nanoscale biochips 

and laboratory on-a-chips, which play important roles in 

disease diagnosis, drug screening, biological analysis, and 

other fields [21-23]. 

4.2.1 Design of Micro and Nano Scale Biochips 

SMNIL technology allows the manufacturing of bio-

chips with micro nano scale structures, which can provide 

high-precision biological analysis functions for detecting 

and analyzing biomarkers such as molecules and proteins 

in biological samples. Sensors in biochips can be precise-

ly manufactured using SMNIL technology to detect and 

quantify the presence and concentration of biomolecules, 

which is of great significance for early diagnosis and 

monitoring of diseases. 

4.2.2 Lab on a Chip Applications 

In terms of miniaturized laboratories, SMNIL technol-

ogy helps to build miniaturized laboratory chips, integrat-

ing the functions of traditional laboratories into a small 

chip, thereby achieving fast and high-throughput biologi-

cal experiments. Meanwhile, laboratory chips can be used 

for rapid diagnosis and monitoring of diseases, such as 

detecting biomarkers in blood, providing a faster and 

more convenient clinical diagnostic tool. 

4.2.3 Drug Screening and Development 

In high-throughput screening platforms, SMNIL tech-

nology can be used to prepare chips with microchannels 

and structures, providing a high-throughput and efficient 

platform for drug screening. This helps accelerate the 

development process of new drugs. Build a micro biore-

actor on a chip to simulate the environment inside a living 

organism for drug efficacy evaluation and toxicity testing. 

4.2.4 Personalized Medicine and Treatment 

The high-precision and miniaturization characteristics 

of SMNIL technology make personalized medicine possi-

ble, enabling more accurate diagnosis and treatment plans 

by analyzing individual biomarkers of patients. Building a 

micro therapeutic platform on a chip can be used to re-

search and implement micro nano scale therapeutic 

methods, such as gene therapy, drug delivery, etc. 

The application of SMNIL technology in the field of 

biomedicine provides efficient and accurate tools for dis-

ease diagnosis, drug development, and biological experi-

ments. Through the design and fabrication of micro and 

nanoscale chips, this technology has driven innovation in 

biomedical research, bringing new possibilities for per-

sonalized medicine, high-throughput screening, and other 

fields. 

4.3 Photoelectronic Device 

In the field of optoelectronics, the application of 

SMNIL technology involves the manufacturing of devices 

such as optical waveguides, micro/nano gratings, and 

organic light-emitting diodes (OLEDs), which are of great 

significance for improving the performance of optoelec-

tronic devices and reducing costs [23-25]. 

4.3.1 Lightguide Fabrication 

SMNIL technology can achieve precise preparation of 

micro and nano structures, which is crucial for manufac-

turing optical components such as waveguides. Mean-

while, by utilizing SMNIL technology, high-precision 

optical waveguide structures can be prepared to improve 

the transmission efficiency and performance of optical 

signals. 
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4.3.2 Manufacturing of Micro Nano Gratings 

SMNIL technology has shown outstanding performance 

in the preparation of micro/nano gratings, enabling 

high-precision optical diffraction structures for modulating 

light propagation. Micro nano gratings are prepared using 

SMNIL technology and can be used for frequency modula-

tion and wavelength selection, providing flexibility for 

applications such as optical communication and sensors. 

4.3.3 Manufacturing of Organic Light Emitting 

Diodes 

Micron level pattern transfer can be achieved through 

SMNIL technology for organic materials, which is used to 

manufacture the luminescent layer and other functional 

layers of OLED displays. OLED displays manufactured 

using SMNIL technology have the characteristics of high 

resolution and bright colors, and are widely used in elec-

tronic devices such as tablets, televisions, and 

smartphones. 

4.3.4 Performance Improvement and Cost  

Reduction 

High performance optoelectronic devices can be im-

proved through the high-precision and micro/nano fabri-

cation characteristics of SMNIL technology, including 

optical waveguides, micro/nano gratings, and OLEDs. 

The application of SMNIL technology can achieve effi-

cient manufacturing of optoelectronic devices, reduce 

production costs, and promote the commercial application 

of optoelectronic devices in terms of cost. 

The application of SMNIL technology in the field of 

optoelectronics has brought innovation and improvement 

to fields such as optical communication and display tech-

nology. Through high-precision micro nano fabrication, 

optoelectronic devices can achieve superior performance 

while reducing costs, promoting the development and 

application of optoelectronic devices. If you have any 

other questions or need more information, please feel free 

to let me know. 

5 Technical Challenges and Future 

Development Directions 

Although SMNIL technology has shown great potential in 

multiple fields, it still faces a series of technical challenges, 

including the durability of templates, improvement of ma-

chining accuracy, and feasibility of large-scale production. 

For the soft film material of the template, its durability and 

adaptability are important considerations, especially in the 

case of long-term and high-frequency use, further enhancing 

its durability is necessary. Meanwhile, with the continuous 

development of technology, the demand for higher resolution 

in some application fields is gradually increasing, thus plac-

ing higher demands on the improvement of processing accu-

racy in SMNIL technology. 

Regarding large-scale production, enhancing produc-

tion efficiency and reducing costs remain pressing issues 

to address. Developing more efficient and precise em-

bossing equipment is a key direction that is expected to 

achieve breakthroughs in improving preparation speed 

and accuracy. In addition, improving the performance of 

soft film materials is also an important direction to en-

hance the overall performance and stability of the tem-

plate. 

Looking ahead to the future, the development direction of 

SMNIL technology may involve improving the performance 

of soft film materials, developing more efficient embossing 

equipment, and expanding into a wider range of application 

areas. Interdisciplinary research will promote the integration 

of technology with other fields, such as biomedical, optoe-

lectronics, energy, etc. In addition, standardization and 

standardization are crucial for improving the repeatability 

and reliability of technology and promoting its wider appli-

cation. Addressing these challenges will create more favora-

ble conditions for the commercialization and practical appli-

cation of SMNIL technology. 

6 Conclusion 

Compared to traditional rigid templates, soft films can 

better adapt to the surface morphology of the substrate 

material and achieve higher precision pattern transfer. 

SMNIL technology is widely employed in semiconductor 

manufacturing, biopharmaceuticals, and optoelectronic 

devices. In semiconductor manufacturing, chip integration 

and performance have been improved. In the field of bio-

medicine, providing efficient tools for micro and na-

noscale biochips and laboratory chips has promoted dis-

ease diagnosis, drug screening, and research and devel-

opment. In the optoelectronics field, applications in de-

vices such as optical waveguides, micro/nano gratings, 

and OLEDs have enhanced performance while reducing 
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costs. However, SMNIL technology still faces challenges, 

including the durability of templates, the improvement of 

machining accuracy, and the feasibility of large-scale 

production. Future development may involve improving 

the performance of soft film materials, developing more 

efficient embossing equipment, and expanding into a 

wider range of application areas. Standardization will also 

be crucial, helping to enhance the repeatability and relia-

bility of the technology and promoting its wider applica-

tion. Addressing these challenges will create more favora-

ble conditions for the commercialization and practical 

application of SMNIL technology. 
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